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ABSTRACT. Of I I stains tested in the laboratory withlarual Aedes aegypti, Giemsa at dosages of 6 mg/liter for
24 hr and 2l mgiliter for 3 hr proved most satisfactory for in-vivo staining. At these rates, Giemsa caused some
mortality .rp..i-ully in first instars of Ae. aigitax, Ae. aegypti and Culex annulirostri's btt effectively was retained in
all adults examined up to 3 days posteclosi,on. The method was deemed satisfactory for investigations of larval
movement of Ae. vigilax, Cx. siiiens and Ae. altemaru in salt marsh in southeast Queensland.
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INTRODUCTION
Giemsa stain consists of a mixture of
methylene blue and its oxidation products, the
a z u r e s ,  i n  c o m b i n a t i o n  w i t h  e o s i n  Y .
Commercially-available brands are known to
differ widely in their composition and dye con-
tent.
Data on the efficacy of Giemsa for marking
l iving mosquito larvae have varied. Wea-
thersbee and Hasell (1938) reported the use-
fulness of Giemsa for staining Anopheles latvae
but Haddow (1942) could not repeat the results.
Recently, Joslyn et al. (1985) reported suc-
cessful marking of the salt marsh mosquito
Aedes sollicinru (Walker) in which the Giemsa
stain present in the 4th larval stage only was
carried through to adulthood. The latter au-
thors reported that this adult marking tech-
nique had obvious benefits over traditional
mark-release-recapture methods, e.g., radioac-
tive tracers, fluorescent dusts, because excess
handling of adults was eliminated.
Our interest in vital staining of larvae devel-
oped through the need to trace the movement
oilarvalAeies uigilax (Skuse) through salt marsh
at Coomera Island, 75 km south of Brisbane,
Queensland. Eggs of Ae. aigilax hatch when
they are inundated occasionally by high spring
tides (new and full moon periods); several such
floodings may occur within the one lunar pe-
riod. Because newly hatched larvae are fragile
and difficult to collect en masse, a direct
method of staining the pools seemed most ap-
propriate. Because of the daily flooding pat-
tern, any such method had to be rapid' We also
investigated vital staining in 2 other important
vectors, Aedes aegypti (Linn.) and Culex an-
nulirostris Skuse in the laboratory. In total, I I
dyes were evaluated for possible field use.
MATERIALS AND METHODS
Aedes aigilax larvae, from Redcliffe or Coom-
era Island salt marsh, and colonized Ae. aegypti
and Cx. annulirostris larvae were tested at
27+l"C in 18 x 12 x 6 cm plastic containers
containing 250 ml 50:50 saltwater-dist i l led
water (Ae. aigzlax), or in distilled water only.
Powdered brewer's yeast and 'Dog Chow' was
added daily at 0.1 g/tray as food. Adults were
maintained on 15% sucrose solution at 27 1'
l"c.
Giemsa (Koch-Light l-aboratories Ltd., BDH
Chemicals Ltd.),  methylene biue (BDH); Ni le
blue, Rhodamine B, Neutral red (Merck),
Fluorescein isothiocyanate (BDH), Azure
A,B,C. (Gurr Products 34100, 3374,34167 re-
spectively), vegetable clothing dyes (Dylon In-
te rna t iona l  L td . )  and Coch inea l  (Queen
Flavouring) were first evaluated with Aa. aeglpti
and the most effective dye was tested further on
the other 2 mentioned species.
For preparation of stock solutions, 0'l g
methylene blue, Ni le blue, Rhodamine B',
Neutral red and the vegetable dyes were dis-
solved in I liter distilled water. As Giemsa did
not easily dissolve in distilled water, it was pre-
pared by mixing I g powder with 60 ml glycerol
and after incubation at 60oC for 2-3 hr, 60 ml
ethanol was added (Conn et al' 1960). Thus,
each ml of stock solution, pH 7.06, contained
8.3 mg Giemsa powder.
Larvae were exposed to various concen-
trations of stains or dyes from 0. I to 500 mg/
liter for l-24 hr by (l) mixing the dyes with
water in larval trays to the desired concen-
trations and adding larvae immediately there-
after, and (2) by adding larvae to the trays 3 hr
after a yeast-dye mixture had been introduced.
Usually 25 Ae. aigilax and 50 Ae. aegypti or Cx.
annulirostris larvae were tested per tray and each
combination (dye, immersion time) was rep-
licated 4 times. Following immersion, larvae
were rinsed and transferred into distilled water
to which larval food had been added as above.
This was done in order to simulate (l) the daily
f lushing of salt  marsh pools, and 12) the stain
settling into the mud substrate of pools. Larvae
were then reared and examined daily for dye
visibility and mortality. Trays of unstained lar-
vae were maintained as controls.
When appropriate concentrations of accept-
able dyes had been established, stained larvae
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were then reared to adulthood and the pres-
ence and duration of adult staining established
by crushing on microscope slides $oslyn et al.
1985) or later, by crudely macerating the mos-
quitoes in 24-well Lucitel'M plates used for
serology. One drop of alcohol was added as it
sometimes obviated microscopic examination
(20X) and prevented tissue from sticking to the
crushing rod.
Giemsa was then tested with Ae. uigilax in
small-medium sized pools at Coomera Island.
The volume of salt marsh pools was estimated
by multiplying surface area by average pond
depth. To dose salt marsh pools with Giemsa, a
bucket of water was drawn from the pool and
the appropriate volume of stock solution added
to the bucket. The bucket was then empried
into the pool at various points. Further stirring
was necessary to ensure that the stain had
mixed throughout. The efficacy of the direct
staining method was checked by dipping for
larvae,just prior to tidal flushing the next day.
RESULTS
From screen testing with Ae. aegypti, Giemsa,
Azure B and methylene blue were the only
stains tested which were retained from larval to
adult stages. However for methylene blue, lar-
vae were stained satisfactorily when yeast was
added. Giemsa was most effective at 6 mg/liter
for 24 hr l0 mg/liter for 6 hr and 2l -g/lit.t
for 3 hr. At the latter 2 dosages, mortality ofAa.
aegypti was reduced while dye and retention in
larval tissue varied little (Table l). Mortality of
II-IV instar Ae. uigilax and Cx. annulirostris was
greater than that of Ae. aegypti.
Only IV instar Cx. annulirostris larvae and
pupae were examined for retardation as a re-
sult  of staining with Giemsa. The mean dura-
tion -r I standard deviation in days for larvae
and pupae respectively were as follows: (con-
trol) 4.97 + 0.79, 2.81 -r 0.6; (21 mg/l i ter for 3
hr) 5.36 + 0.87, 3.48 + 0.82; (10 mg/l i ter for 6
hr) 5.88 + 1.01, 3.59 -'- 0.8; (6 mg/liter for 24
hr) 6.29 -+ 1.01, 3.74 -+ 0.74.
At the above dosages, blue coloration of
adults was visible in the intersegmental neck
membrane and between abdominal sclerites I
and II. Giemsa was also evident in the posterior
sternites of all of 4ll Ae. aegypti, Ae. aigilax and
Cx. annulirosrris examined microscopically at I
day posteclosion (Table 2). With squashing,
stain was evident in lo07o Ae. aegypti, Ae. vigilox
and. Cx. annulirostris (6 mg/liter for 24 hr) for a
further 2 days. At l0 mg/liter (6 hr) and 2l
mg/liter (3 hr) respectively, 15 and 25% Cx.
annulirostris were unstained by day 3. Mi-
croscopic examinations and squashing became
more necessary as time progressed and staining
weakened. All Ae. aegypti and Ae. vigilax werc
negative by 8- I I days depending on the dos-
age, and after 7 days with Cx. annulirostris.
With methylene blue, some adult Ae. aegypti,
Ae. uigilax and Cx. annulirostris retained stain for
up to 7 days but squashing was necessary even
in I day-old adults, e.9., at 0.5 mg/liter (24 hr)
and 1.0 mg/liter (6 hr), stain was visible without
squashing only in 33-68% of those marked; at 3
mgAiter (2 hr), in 22-38Vo. At these dosages,
stain was detected in all of 452 Ae. aeglpti. and
421Cx. annulirostris for 3 days but for only I day
in 80 Ae. aigr,lax. None of a further 2,553 mos-
quitoes retained methylene blue beyond 7 days.
Mortality of larval Ae. aegypti, other than instar
I in all concentrations except 3 mg/liter was
minimal with retention varying between I day
(first instar) to 4-6 days for IV instars.
Azure B, a component of Giemsa, behaved
similarly to methylene blue as the blue color was
visible (without squashing) only in 20-42% of
273 males and females I day after emergence
and had completely disappeared after 7 days.
At the dosages necessary to produce good
Table l. Mean percent mortality and retention time of different instars (I-IV) of Aedes a.egjpti, Aedes uigilax
and, Culex annulirostris stained with Giemsa (without yeast).
Dosage
mg/liter (h)
Mortality Retention (days)
Species* I I IVI I IIVI I
6 (24)
l0 (6)
2r  (3 )
Ae. aegypti
Ae. aigilax
Cx, annulirostris
Ae. aegpti
Ae. vigiku
Cx. annulirostris
Ae. aegypti
Ae. aigilax
Cx. annulirostris
I
5
j
2
8
1
I
8
5
0
5
l
t
i
J
J
2
9
9
I
6 8
l 0  1 2
6 8
3 7
5 8
3 4
4 6
r0  12
5 6
1 3  5
l 5  l 0
l 5  t 2
\ 9
1 3  l 0
5 J
4 0
1 0 6
1 0 8
* Assessments based on an average of 4 replicates each of 50 4a. aegypti and Cx. annulirostris but of 25 with Ae.
aipiLax.
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Table 2. Percentage dye visibility in adults ( 9 ) eme rged from early fourth instar larvae stained with Giemsa.
Ac. ugJPtl Ae. vigilu Cx. annuLirostrk
Conc
(mg/liter)
Staining Days
time after Total
(hrs) emerged no,
Percentage
+(ve) +(ve) (ve)
visual squashed
Percentage
Total  +(ve) +(ve) -(ve)
no. visual squashed
Percentage
Total  +(ve) +(ve) -(ve)
visual visual squashed
1 0 0 0 0
4 0 6 0 0
1 0 9 0 0
1 7 8 2 1
0 5 0 5 0
0 3 2 6 8
0 1 6 8 4
- - -
50
48
4 5
46
38
40
36
' '
49
4 5
4 3
4 2
40
38
;
40
48
40
4 9
40
I
1 0 0 0 0
8 0 2 0 0
6 5 3 5 0
22 68  l0
8 7 4 1 8
0 7 0 3 0
0 6 2 3 8
0 4 5 5 5
0 2 2 7 8
0  l l  8 9
0 2 9 8
0 0  100
1 0 0 0 0
8 l  l 9  0
5 0 5 0 0
1 5  7 i  8
5  8 0  1 5
0 6 8 3 2
0 4 5 5 5
0 2 8 7 2
0 1 0 9 0
0 5 9 5
0 0 1 0 0
1 0 0 0 0
6 0 4 0 0
5 0 5 0 0
1 0 8 5 5
2 i 8 2 0
0 5 0 5 0
0 3 9 6 1
0 2 0 8 0
0  9  9 l
0 3 9 7
0 0 1 0 0
32
29
28
27
26
26
23
30
29
30
' R
29
28
28
25
26
,4
30
3 l
30
29
29
30
9 A
26
25
26
100 0  0
5 0 5 0 0
2 8 7 2 0
5 9 2 3
0 7 0 3 0
0  4 1  5 9
0  2 9  7 l
0 1 0 9 0
0 1 9 9
1 0 0 0 0
4 0 6 0 0
l l  8 9  0
0 7 8 1 2
0 5 0 5 0
0 3 6 6 4
0 2 5 7 5
0 5 9 5
l o o 0 0
3 5 6 5 0
5 9 5 0
0 8 0 2 0
o  4 9  5 l
0 3 2 6 8
0 2 8 7 2
0 2 9 8
0 0 1 0 0
1 5 6
5 5 4
4 5 3
5 5 4
6 4 5
7 4 8
8 4 2
9 3 6
l 0  3 6
l l  -
1 5 2
2 5 0
3 5 0
4 4 9
5 4 8
6 4 8
7 4 2
8 3 9
9 4 0
l o
l l  -
1 5 4
2 5 0
3 5 0
4 4 9
5 4 5
6 4 2
7 4 2
8 3 9
9 3 2
l 0
l l  -
24
u
2 l
t * ; t
3i- 63 0
4 8 1 1 5
0 63 'Jt-
o 4 2 5 8
0 2 8 i 2
0  l 7  8 3
_ ' l ' :
r 0 0  0  0
1 2 8 8 0
0 7 5 2 5
0 5 0 5 0
0 3 2 6 8
0 2 6 7 4
0 1 8 8 2
staining (6-21 mg/liter), mortality was greater
but retention times were similar. In contrast to
methylene blue, Azure B solution could be used
by direct addition to water.
Neutral red, Nile blue and Rhodamine B
produced dark staining of Ae. aegypti only when
used with yeast with low-moderate mortality
with retention times of I day or less. Azures A
and C produced only a light stain but were not
evaluated with yeast. With these latter stains,
however, 5U90% of II to IV instar Ae. aryypti
died when treated at rates of 6 mg/liter for 6 hr
or greater.
Fluorescein at dosages of 200 mg/liter for 6 hr
to 8OO0 mgAiter for 24 hr was unsatisfactory as
only 55-60Vo and 80% respectively of III and
IV instar Ae. aegypti and Cx. annulirostris
fluoresced when examined under ultraviolet
light. Mortality of the above larvae ranged from
l0 to 50Vo: survivors retained fluorescein for
< 2 days.
Cochineal and vegetable dyes were com-
pletely unsatisfactory as they only colored the
alimentary tract at various intensities for I day
or less.
Giemsa added to 7 small-moderate capacity
salt marsh pools marked II-IV instarAe. aigilax,
Ae.  a l te rnans  Westwood and Cx.  s i t iens
Wiedemann with varying degrees of success.
Whereas a dosage rate of 6 mg/liter marked
O-56Vo larvae sampled by dipping, higher con-
centrations of lG-20 mg/liter marked all larvae
sampled I day later (Table 3). In 2 trials at 6
and l8 mg/liter, self-marked adult Ae. uigilax
and Ae. alternans were reared from larvae
stained at instars III and IV. Total adult stain-
ing was achieved at 18 mgAiter. On staining,
salinities and temperature of the pools were
14-20% and 24-27"C.
DISCUSSION
Giemsa, particularly at dosages of 6 mg/liter
for 24 hr and 2l mg/liter for 3 hr. was the most
effective stain for larval instars of Ae. aegypti,
Ae. tigilax and Cx. annulirostris. The stain
caused minimal mortality and could be detected
in all adults examined for 3 days posteclosion.
Subsequent field trials demonstrated that 2 ad-
ditional salt marsh species, the predacious Ae.
alternans and another species Cx. sitiens cowld
also be stained effectively. Other vital stains had
limited application because of the mortality
they caused and poor retention of stain (e.g.,
neutral red, Nile blue, Rhodamine B, Fluores-
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Table 3. Field evaluation of Giemsa in salt marsh pools at Coomera Island
Approximate
pool capacity
(liters)
% staining
after I dayConcentration
(mg/liter) Species Instar Larvae Adults
l 0
l 0
70
230
50
250
270
100
100
100
0
100
56
r00
100
52
20
l 2
6
l 0
6
l 8
6
Ae. uigilax
Ae. aigilax
Cx. sitiens
Cx. sitiens
Cx. sitiens
Ae. vigilax
Ae. aigilax
Ae. altnnans
Cx. sitierc
I I - IV
I I ,  IV
I I I
I I
I I ,  I I I
I I I
IV
IV
I I ,  I I I
5U
100*
100
* The stain was visible in 64Vo of Ae ligilax 3-4 days posteclosion.
cein isothiocyanate) or simply because they had
to be applied using pre-stained yeast which was
impractical for field usage (e.g., merhylene
blue).
The effects of Giemsa are inconsistent. but
this may be due to the variety of commercial
stains available, the duration of staining and the
buffers used. For example, Saal (1964) evalu-
a ted  27  commerc ia l  G iemsa samples  by
spectrophotomefy, chromatography and for
ability to stain Babesin and found considerable
variation. The BDH (Gurr) formulation used in
our  s tudy  conta ined 26 .5% eos in ,  10 .5%
methylene blue and 63.0Vo Azure I (A,B with
methylene violet and azure C removed). Wea-
thersbee and Hasell (1938) often used higher
Giemsa concentrations for up to 120 hr in Gru-
bler's stock solution (pH 6.9-7.0) to perma-
nently stain eclosedAe. aegypti for up to 13 days.
Our data indicate that adults progressively lose
the stain. Haddow (1942) was unable to repeat
the findings of Weathersbee and Hasell (1938).
R. Washino (personal communication) noted
that Giemsa stock solution required buffering
with 25 mM phosphate solurion butJoslyn et al.
(1985) used deionized distilled water for prepa-
ration of Giemsa and successfully used this
stock sofution at 0.1 mgAiter (0.001%). Our stock
solution, 42 times more concentrated than that
of Washino, confers advantages for field appli-
cation as less has to be added to pools.
By our methods, Giemsa was retained for a
much shorter period in adult Ae. aegypti, Ae.
uigilax and Cx. annulirostris than for either
Anopheles spp. (Weathersbee and Hasell 1938)
or Ae. sollititaru (Joslyn et al. 1985). Because our
aim was to develop suitable means for marking
larvae directly in salt marsh pools which were
reflooded daily by spring tides, it was necessary
to expose larvae to higher concentrations of
Giemsa for only 3-24 hr; other workers allowed
larvae to remain in substantially lower concen-
trat ions unti l  adult emergence. For larval
population studies, increased mortality of first
and second instars and their short-term reten-
tion of stain create unresolvable problems. In
addition, some growth retardation was evident
in Cx. annulirostris lawae stained as IV instars
with Giemsa at all dosage levels, as has been
noted for several vital stains including Giemsa,
methylene blue, neutral red and Nile blue
(Weathersbee and Hasell 1938, Peters and
Chevone 1968, Chevone and Peters 1969, Bar-
bosa and Peters 1970). It is presumed that
Giemsa would similarly effect Ae. vigilax.
However, for the evaluation of larval move-
ment of species throughout a salt marsh, quick
staining of III-IV instar larvae at dosages of 2l
mgAiter for 3 hr is quite adequate. The bright
blue larvae seem to move normally and there-
fore, should be easily recaptured as larvae or
pupae. It is just as obvious, however, that be-
cause the emerging adults do not remain per-
manently stained, our direct staining method
has limited usefulness for studies of adult dis-
persal.
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